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(54) Signal processing apparatus 
for subscriK)er circuits 

(57) A signal processing apparatus 
for subscriber circuits connprises a 
plurality of circuits (7) each for ex- 
tracting a signal corresponding to 
a.c. and d.c. signals flowing 



through each of a plurality of sub- 
scriber circuits, an analog multiplex- 
ing circuit (1 1) connected to the 
output terminal (ai-aj of each of 
the plurality of extracting circuits 
(7), an analog-to-digital converter 
(12) connected to the output termi- 
nal of the analog multiplexing cir- 
cuit (11), and a signal processing 
circuit (1 3) connected to the output 
terminal of the analog-to-digital con- 
verter (12) and receiving succes- 
sively and periodically a digital sig- 
nal corresponding to the output sig- 
nal of each of the extracting circuits 
(7) for processing the digital signal 
to detect the state of each of the 
subscriber circuits e.g. looped, ring 
trip or dialling, the reception of the 
digital signal being made by send- 
ing a selective signal 1 5 to the 
analog multiplexing circuit (1 1). 
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The drawings originally filed were informal and the print here reproduced Is taken from a later filed formal copy. 
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SPECIFICATION 

Signal processing apparatus for subscriber 
circuits 

5 

The present invention relates to a signal pro- 
cessing apparatus for subscriber circuits. 

With the recent advance of full-electronic 
exchanges, subscriber circuits have been re- 

10 quired to have various kinds of functions. 
Thus, they are provided with, for example, a 
direct current supervising function for detect- 
ing a calling signal, a clear-back signal, and a 
dial pulse, a call signal (or ringing) sending 

1 5 function, and a call signal stopping function at 
a time when a response (or an off-hook signal) 
to the call signal is detected. 

In order to perform such functions, the 
conventional subscriber circuits include a de- 

20 tector responsive to the on-off action of a d.c. 
loop current, the on-off action being produced 
when a subscriber makes a call, clear-back, 
and a dialing, and a detector unresponsive to 
a call signal or ringing but responsive to a d.c. 

25 loop current due to the response of a called 
subscriber when the call signal is sent out. 

However, since subscriber circuits in a tele- 
phone exchange are provided for every sub- 
scriber, the cost for one terminal of the tele- 

30 phone exchange is directly affected by that of 
the subscriber cirucuit. Therefore, in order to 
reduce the cost of the telephone exchange, it 
is necessary to employ a subscriber circuit 
having a small number of parts. 

35 It is an object of the present invention to 
provide a signal processing apparatus for sub- 
scriber circuits which can perform the loop 
supervision for each subscriber circuit, the 
detection of ring trip signals, and the like with 

40 a common signal processing system. 

It is another object of the present invention 
to provide a signal processing apparatus for 
subscriber circuits in which the signal process- 
ing in each of a plurality of subscriber circuits 

45 can be conducted in common. 

It is a further object of the present invention 
to provide an economical signal processing 
apparatus for subscriber circuits. 

In order to attain the above and other 

50 objects, according to the present invention, 
there is provided a signal processing appa- 

' ratus for subscriber circuits which comprise a 
plurality of circuits each for extracting a signal 
corresponding to a.c. and d.c. signals flowing 

55 through each of a plurality of subscriber cir- 
cuits, an analog multiplexing circuit connected 
to the output terminal of each of the plurality 
of extracting circuits, an analog-to-digital con- 
verter connected to the output teminal of the 

60 analog multiplexing circuit, and a signal pro- 
cessing circuit connected to the output termi- 
nal of the analog-to-digital converter and re- 
ceiving successively and periodically a digital 
signal corresponding to the output signal of 

65 each of the extracting circuits for processing 



the digital signal to detect the state of each of 
the subscriber circuits, the reception of the 
digital signal being made by sending a selec- 
tive signal to the analog multiplexing circuit. 

70 Now, the present invention will be de- 
scribed in detail by reference to the accompa- 
nying drawings in which: 

Figure 7 is a schematic view showing a 
signal processing circuit in conventional sub- 

75 scriber circuits; 

Figure 2 is a schematic view showing an 
embodiment of a signal processing apparatus 
for subscriber circuits according to the present 
invention; 

80 Figure 3 is a schematic view showing 
another embodiment of a signal processing 
apparatus for subscriber circuits according to 
the present invention; 

Figure 4 is a block diagram for showing a 
85 main part of the signal processing apparatus 
shown in Fig. 3; and 

Figure 5 shows an embodiment of a circuit 
arrangement of the analog multiplexer shown 
in Fig. 3. 

90 Prior to the detailed explanation of the 
present invention, explanation will be made 
on the subscriber circuit, which has been 
previously filed in the U.S.A. and Canada by 
the present applicants, by reference to Fig. 1 . 
95 Referring to Fig. 1, reference numeral 1 
denotes a subscriber's telephone, 2 an a.c. 
power supply having a frequency of 1 6 Hz 
and a voltage of 75 Vrms (or a call signal 
source), 3 a relay contact for changing over 

100 the sending and stopping of a call signal, and 
4 a subscriber's transformer. The transformer 
4 includes primary windings 4a and 4a', a 
secondary winding 4b and a winding 4c for 
compensating a d.c. magnetic field generated 

105 in the subscriber's transformer 4. Voice sig- 
nals are transferred from the primary windings 
4a and 4a' to the secondary winding 4b 
which is connected to a junction line. Further, 
reference numeral 5 denotes a magneto-elec- 

1 10 trie conversion element such as a Hall element 
connected magnetically to the subscriber's 
transformer 4, 6 a voltage amplifier including 
a capacitor which serves as a low pass filter 
for attempting the voice signals, 7 a voltage- 

115 to-current converter, 8 a d.c. signal detecting 
circuit for supervising the loop of a subscriber 
circuit and for detecting a dial pulse, 9 a low 
pass filter for attenuating a call signal, and 10 
a ring trip signal detecting circuit. 

1 20 In the above-mentioned circuit construction, 
a magnetic flux generated in the subscriber's 
transformer 4 is detected by the magnetoelec- 
tric conversion element 5, and sent through 
the voltage amplifier 6 to the voltage-to-cur- 

125 rent converter 7 to be converted into an 
electric current. The converter current is fed 
back through the winding 4c to the sub- 
scriber's transformer 4 to compensate the d.c. 
magnetic field in the transformer 4. This neg- 

130 ative feedback eliminates the magnetic satura- 
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tion of the iron core in the subscriber's trans- 
former 4, and improves the transmission char- 
acteristic of the subscriber circuit for voice 
signals. Further, a change in d.c. signal at the 
5 time when the subscriber's telephone 1 makes 
a call or clear-back, and sends dial pulses and 
a change in d.c. signal at a time when a 
response to a call signal has been made, are 
detected by the d.c. signal detecting circuit 8 

10 and the ring trip signal detecting circuit 10, 
respectively, through the magnetoelectric con- 
version element 5, the voltage amplifier 6 and 
the voltage-to-current converter 7. The output 
signals from these detecting circuits 8 and 10 

1 5 are supplied to a main processor (not shown) 
through a scanning device (not shown). 

In general, such a subscriber cirucit is in- 
stalled in large numbers, and the d.c. signal 
detecting circuit and the ring trip signal de- 

20 tecting circuit are required at every subseriber 
circuit. Thus, the conventional circuit con- 
struction entails a high cost. 

Now, a preferred embodiment of the pres- 
ent invention will be explained below by refer- 

25 ence to Fig. 2, The subscriber's telephone 1 , 
a.c. power supply 2, relay contact 3, and 
subscriber's transformer 4, which are shown 
in Fig. 1, are omitted in Fig. 2 for the sake of 
simplicity. The magnetoelectric conversion ele- 

30 ment 5 in Fig. 2 is magnetically coupled 
with the subscriber's transformer 4 shown in 
Fig. 1 . Further, in Fig. 2, reference numeral 

21 denotes an analog multiplexer, 22 an 
analog-to-digital converter, 23 a digital low 

35 pass filter (DLPF), 24 a threshold detection 
circuit, 25 a time slot assigner, and 26 a 
highway. A magnetic flux generated in the 
subscriber's transformer 4 is detected and 
converted into a voltage by the magnetoelec- 

40 trie conversion element 5, and the voltage is 
supplied through the voltage amplifier 6 and a 
terminal b^ to the analog multiplexer 21 . The 
analog multiplexer 21 is connected to a plu- 
rality of similar subscriber circuits at terminals 

45 bz to b„, and has such a function as multiplex- 
ing respective signals from these subscriber 
circuits in a time divisional fashion. A signal 
selected by the analog multiplexer 21 is con- 
verted by the analog-to-digital converter 22 

50 into, for example, a 8-bit digital signal. The 
output signal of the analog-to-digital converter 

22 is selected by an INHIBIT gate 31 and 
AND gate 33. At this time, terminals TST and 
R are applied with a signal of the level of "0" 

55 and a signal of the level of "1", respectively. 
The digital signal having passed through these 
gates 31 and 33 are applied to the threshold 
detection circuit 24 through the digital low 
pass filter 23 and a OR gate 35. When a 

60 signal detected by the magnetoelectric conver- 
sion element containes only an a.c. signal of 
1 6 Hz, the signal is filtered by the digital low 
pass filter 23, and thus the output of each of 
the digital low pass filter 23 and the threshold 

65 detection circuit 24 becomes zero. When a 



telephone (which is indicated by reference 
numeral 1 in Fig. 1) in a subscriber circuit 
makes a response and thus a direct current 
flows through the subscriber circuit, the digi- 

70 tal signal delivered from the analog-to-digital 
converter 23 contains a d.c. component. This 
d.c. component passes through the digital levy 
pass filter 23 as it is, and is applied to the 
threshold detection circuit 24. When the d.c. 
75 component is greater than a threshold level 
which is set In the threshold detection circuit ' 
24, the output signal of the circuit 24 as- 
sumes the level of 1 . This output signal is 
sent to the time slot assigner 25 as an off- 
80 hook signal (or answer signal), to be outputted 
to the highway 26. 

In the foregoing description, explanation 
has been made on a case that a signal of the 
level of "1 " is applied to the terminal R and a 
85 signal of the level of "0" is applied to each of 
the terminals TST and SCN. However, when 
the terminal TST is applied with a signal of 
the level of "^" and each of the terminals R 
and SCN is applied with a signal of the level 
90 of "0"/ digital a.c. and d.c. signals having 
passed through an AND gate 32 are supplied 
as a kind of information to the time slot 
assigner 25 as they are to be sent out to the 
highway 26. In this case, data processing for 
95 the a.c. and d.c. signals is performed in an 
information processor (not shown) connected 
to the highway 26. Thus, for example, the 
continuity of line can be detected from the 
magnitude of current of the call signal having 

100 a frequency of 16 Hz, and a d.c. resistance of 
the circuit can be known from the magnitude 
of current of a d.c. signal. While, when the 
terminal SCN is applied with a signal of the 
level of "1" and each of the terminals R and 

105 TST is applied with a signal of the level of 
"0", the output of the analog-to-digital con- 
verter 22 is applied to the threshold detection 
circuit 24 without passing through the digital 
low pass filter 23. In this case, in the period 

110 when the circuit is employed, the detection of 
a direct current for the purpose of supervision 
is performed by the information processor (not 
shown) connected to the highway 26. 
Fig. 3 is a circuit diagram showing another 

115 embodiment of the present invention. In Fig. 
3, only a part of a subscriber cirucuit, namely^ 
the voltage-to-current converter 7 is shown, 
and other parts are omitted, since they are the 
same as those shown in Fig. 1 . Referring to 

1 20 Fig. 3, reference numeral 1 1 denotes an 
analog multiplexer connected to signal termi- 
nal a,, a2, . . . , a^ of a plurality of subscriber 
circuits, 1 2 an analog-to-digital converter, 1 3 
a signal processing circuit, and 14 a conven- 

125 tional main processor for controlling an ex- 
change. In Fig. 3, an analog signal is taken 
out of the terminal a^ of the voltage-to-current 
converter 7 which Is a part of the subscriber 
circuit shown in Fig. 1 . The analog multi- 

1 30 plexer 1 1 periodically changes over respective 
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analog signals delivered from a plurality of 
subscriber circuits by selective signals which 
are supplied through a signal line 1 5 from the 
signal processing circuit 1 3 (which will be 

5 described later in detail), to successively send 
these analog signals to the analog-to-digital 
converter 12, The analog-to-digital converter 

* 1 2 converts each analog signal into, for exam- 
ple, a 8-bit digital signal, and sends the 

10 digital signal to the signal processing circuit 

' 1 3. The signal processing circuit 1 3 processes 
digital signals which are periodically applied, 
to discriminate states of each subscriber. The 
analog signal sent out of each subscriber 

1 5 circuit includes a change in d.c. signal at the 
time when a subscriber's telephone makes a 
call, clear-back, or sends dial pulses, and a 
change in d.c. signal which appears when the 
subscriber's telephone responds (or answers) 

20 to a call signal and is superposed on the call 
signal. As described later, the signal process- 
ing circuit 1 3 detects these changes, and 
performs such operations as the discrimination 
between calling and clear-back, the counting 

25 of dial pulses, and the discrimination between 
the presence and absence of a response to a 
call signal. These operations will be explained 
below in more detail by reference to Fig. 4 
which shows a prefenred circuit arrangement 

30 of the signal processing circuit 13. 

Referring to Fig. 4, a terminal 120 is ap- 
plied with the output of the analog-to-digital 
converter 12, and terminals 121 and 122 are 
connected to the analog multiplexer 1 1 and 

35 the main processor 14, respectively. Refer- 
ence numerals 131 and 132 denote a thresh- 
old comparison circuit and a discrimination 
circuit for discriminating between calling and 
clear-back, respectively, and these circuits 

40 make up a loop supervising circuit 123. Ref- 
erence numerals 133 and 134 denote a 
threshold comparison circuit and a dial pulse 
discrimination circuit, respectively, and these 
circuits make up a dial pulse counting circuit 

45 1 24. Reference numerals 1 35 and 1 36 re- 
spectively indicate a digital filter and a thresh- 
old comparison circuit, which make up a 
response supervising circuit 125. Reference 
numeral 1 37 denotes a selective signal gener- 

50 ator for generating selective signals which 
drive the analog multiplexer, and reference 
numerals 1 38 and 1 39 denote a control cir- 
cuit and a memory, respectively. Now, expla- 
nation will be made on the detection of calling 

55 and clear-back of a subscriber. When a sub- 
scriber makes a call, the subscriber's tele- 
phone is changed from the on-hook state to 
the off-hook state, and a d.c. signal begins to 
flow through the subscriber's line. Such a 

60 change in d.c. signal is detected by the mag- 
netoelectric conversion element 5, and ap- 
pears on the output terminal of the voltage-to- 
current converter 7 through the voltage ampli- 
fier 6, to be applied to the terminal a^ In a 

65 case that 256 subscriber circuits are included. 



for example, the signal resulting from the 
above-mentioned change in state is detected 
by the loop supervising circuit 1 23 which is 
operated at intervals of 128 milliseconds. In 

70 other words, the selective signal generator 
1 37 supplies a selective signal having a 
period 1 28 mS to the analog multiplexer 1 1 
shown in Fig. 3 on the basis of a control 
signal from the control circuit 1 38, and the 

75 analog-to-digital converter 12 is applied with 
a call or clear-back signal, which appears on, 
for example, the terminal a,, at interval of 
128 mS. The analog multiplexer 1 1 succes- 
sively scans signals which appear on the ter- 

80 minals a,, ... , a„, to conduct an analog 
multiplex transmission. The applied signal is 
converted by the analog-to-digital converter 
1 2 into a 8-bit digital signal, and then in- 
putted to the threshold comparison circuit 
85 131. The inputted digital signal is compared 
with a digital threshold level to judge the 
presence or absence of a d.c. signal in the 
subscriber circuit. When the result of compari- 
son is equal to the level of "0", it is shown 
90 that the subscriber assumers the on-hook 
state. While, the result equal to the level of 
"1 " corresponds to the off-hook state of the 
subscriber. The output in the level of "1" or 
"0" from the threshold comparison circuit 
95 131 is inputted to the discrimination circuit 
132 for discriminating between calling and 
clear-back. The discrimanation circuit 1 32 
judges whether the subscriber has made a call 
or clear-back, on the basis of the above- 

1 00 mentioned input and an input which was 
applied to the circuit 1 32 at the preceding 
scanning time, namely at the scanning time 
1 28 mS before, and has been stored in the 
memory 139. That is, when the present input 

105 assumes the level of "1" and the input read 
out of the memory 1 39 assumes the level of 
"0", it is judged that the subscriber has made 
a call, and the subscriber's number is stored 
in the memory 1 39. The detection of the 

1 10 clear-back signal can be performed in a similar 
manner. That is, when the output of the 
threshold comparison circuit 131 assumes the 
level of "0" and the input of the discrimina- 
tion circuit 1 32, which is read out of the 

1 1 5 memory 139, assumes the level of "1", it is 
detected that the subscriber has rung off. 
However, the mere comparison between the 
present state and the state at the scanning 
time 1 28 mS before, may give rise to a 

1 20 malfunction due to chattering or the like, 
which malfunction lowers directly the reliabil- 
ity of speech. Therefore, in actual exchanges, 
both a signal at the preceding scanning and a 
signal which was applied to the discrimination 

1 25 circuit 1 32 two scannings before, are read out 
of the memory 1 39. When the former and 
latter signals assume the level of "0" and the 
levlel of "1", respectively, it is judged that 
the subscriber has rung off, and the subscrib- 

1 30 er's number is stored in the memory 1 39. 
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In such a manner, an analog signa! from 
each of these ones of 256 subscriber lines 
which have not been called by other offices or 
subscribers, is selected successively and at 
5 intervals of 1 28 mS by the analog multiplexer 
1 1 , to be processed by the loop supervising 
circuit 1 23. All of new calling subscribers and 
subscribers who have newly rung off, are 
memorized in the memory 139. The informa- 

10 tion with respect to subscriber lines which are 
just called, for example, the subscriber's num- 
ber has been stored in the memory 1 39 
through the main processor 14. <Since this 
technique has been well known, the explana- 

1 5 tion thereof is omitted,) Therefore, a signal 
can be sent from the memory 1 39 to the 
selective signal generator 1 37 under the con- 
trol of the control circuit 138, which signal 
prevents the selective signals having a period 

20 of 1 29 mS and corresponding to the called 
subscriber lines from being delivered from the 
selective signal generator 137. Thus, signals 
from subscribers who are just called, are 
never taken in by the analog-to-digital conver- 

25 ter 12. ' 

Next, explanation will be made on a method 
of counting dial pulses in the case when a 
new calling subscriber has been detected. 
As explained above, the subscriber's num- 

30 ber of the new calling subscriber is stored in 
the memory 1 39, and sent from the memory 
139 to the main processor 14 to be used in 
various controls. In this case, a telephone 
number of a subscriber to whom the new 

35 calling subscriber makes a call, that is, dial 
numbers and number of digits thereof have to 
be detected. In the above-mentioned circuit 
construction, a control signal for dial pulse 
counting is sent from the main processor 14 

40 to the control circuit 138. The control circuit 
1 38 operates the dial pulse counting circuit 
1 24 at intervals of, for example, 8 mS, and 
successively sends the information with re- 
spect to the subscriber's number of the new 

45 dialing subscriber from the memory 1 39 to 
the selective signal generator 137. In order 
for the analog multiplexer 1 1 to take in a dial 
signal from the subscriber line corresponding 
to the above-mentioned subscriber's number, 

50 the selective signal generator 137 sends a 
selective signal through signal lines 1 7 
(shown in Fig. 5) to the analog multiplexer 1 1 
at a period of, for example, 8 mS. The taken- 
in dial signal is converted by the analog-to- 

55 digital converter 12 (shown in Fig. 3) into a 
digital signal to be applied to the dial pulse 
counting circuit 124. In the dial pulse count- 
ing circuit 1 24, the applied digital signal is 
first compared with a digital threshold level in 

60 the threshold comparison circuit 1 33, in order 
to judge the presence or absence of a d.c. 
signal in the subscriber circuit. That is, the 
presence or absence of dial signal pulses is 
judged. A signal having the level of "1" or 

65 "0" which indicates the result of comparison 



in the comparison circuit 133, is applied to 
the dial pulse discrimination circuit 1 34. 
Though the dial pulse discrimination circuit 
1 34 has been well known, brief explanation 

70 will be made below thereon. The counting of 
dial pulses is made on the basis of the result 
of comparison in the threshold comparison 
circuit 133 and the result of comparison at 
the preceding scanning which was effected 8 

75 mS before. In more detail, when the present 
result of comparison is equal to "0" and the 
result of comparison at the preceding scan- 
ning is equal to "1", it is thought that a dial 
pulse is present, and a first counter of the dial 

80 pulse discrimination circuit 1 34 counts up the 
dial pulse. While, when the result of compari- 
soin is equal to "0", a digital value, for 
example, 1 3 is set in a second counter of the 
dial pulse discrimination circuit 134. This di- 

85 gital value is used to discriminate between 
dial numbers. When the result of comparison 
is equal to "1 " and the contents of each of 
the first and second counters are not equal to 
"0", the contents of the second counter are 

90 counted down by one. At the time when the 
result of comparison is equal to "1", when 
the contents of the first counter are not equal 
to "0", and when the contents of the second 
counter become equal to "0", the digit of a 

95 dial number is advanced by one and the 
counted value of the dial pulse in the first 
counter is transferred temporarily to the 
memory register. These operations are succes- 
sively conducted, and the dial numbers and 
1 00 the digits thereof are stored in the memory 
139. These values, as is well known, are sent 
to the main processor 14 to control the ex- 
change. 

Next, explanation will be made on a method 

105 of detecting the response of a subscriber to 
whom the previously-mentioned calling sub- 
scriber sends a call signal. The subscriber's 
number of a subscriber who is to be called 
has been stored in the main processor 1 4 in a 

1 10 conventional manner, and is sent to the 

memory 1 39 to be stored therein. While, the 
response supervising circuit 1 25 is operated 
at intervals of 8 mS by a control signal from - 
the control circuit 1 38 under the control of 

1 1 5 the main processor 1 4. Simultaneously, the 
subscriber's number of the subscriber who , 
has just been called, is read out of the 
memory 1 39, and sent to the selective signal 
generator 137. In order for the analog-to- 

1 20 digital converter 1 2 to take in an analog 

signal from the subscriber circuit correspond- 
ing to the above-mentioned subscriber's num- 
ber, the selective signal generator 137 sends 
selective signals having a period of 8 mS to 

125 the analog multiplexer 1 1 . These selective 
signal are so generated as to differ in timing 
from the previously-mentioned selective sig- 
nals for dial pulse counting. The analog sig- 
nals from all subscribers who have just been 

1 30 called are successively sent through the an- 
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alog multiplexer 11 to the analog-to-digital 
converter 1 2 in an analog multiplex fashion 
by these selective signals having a period of 8 
mS. Each of these analog signals is converted 

5 by the analog-to-digital converter 1 2 into a 8- 
bit digital signal. 
The response supervising circuit 125 in- 

' eludes, for example, the digital filter 135 for 
removing a call signal having a frequency of 

10 16 Hz and the threshold comparison circuit 

. 1 36. Since the structure of the digital filter 
135 has been well known, detailed explana- 
tion thereof is omitted. When the input and 
output voltages of the digital filter 1 35 are 

1 5 given by f(t) and h(t), respectively, the relation 
between the input and output voltages can be 
expressed by the following equation: 



20 



25 



h(nr) = Ah {(n - 1 )t} + Bf(nT) 

where 

CR CR 
A = / ( +1), 

T T 



(IK 



CR 

B«1/{ +1), 

30 T 

and C and R indicate a capacitance and a 
resistance of a primary CR filter, respectively. 
The output h{t) of the digital filter 1 35 is 

35 applied to the threshold comparison circuit 
1 36, and compared with a threshold level to 
detect the presence or absence of response 
from the called subscriber. In more detail, 
when the sampling period r in the equation 

40 (1) is equal to 8 mS and the time constant 
defined by CR is equal to 1 20 mS, 

15 1 
A = — , and B = — . 
45 16 16 

On the other hand, a digital value which 
corresponds to an electric current of about 1 0 
mA flowing through a subscriber line or a 

50 voltage of about 0.5 V appearing on the 
terminal a^, is set as the threshold level in the 
threshold comparison circuit 136. For exam- 
ple, a digital threshold level of 256 is set. 
When the analog-to-digital conversion in the 

55 analog-to-digital converter 12 is conducted in 
such a manner that an analog signal of 0.5 V 
is converted into a digital signal having a 
digital signal vlaue of 16, the processing with 
respect to the coefficient B in the digital filter 

60 1 35 becomes needless, and the comparison 
of the result of operation in the digital filter 
1 35 with the digital threshold level is con- 
ducted by detecting an overflow of an 8-bit 
counter resulting from the application of the 

65 output of the digital filter 1 35. 



Thus, the discrimination between on-hook 
and off-hook states can be made, and it can 
be detected whether the called subscriber has 
made a response to a call signal or not. When 
70 the off-hook state is detected, that is, when it 
is detected that the called subscriber has 
made a response, the subscriber's number of 
the called subscriber is stored in the memory 
139. 

75 As mentioned above, the memory 139 
stores therein the subscriber's number of a 
subscriber who is calling the subscriber's 
number of a subscriber who has clear-back, 
the subscriber's number of a subscriber who 

80 had sent dial pulses, the dial numbers and the 
number of digits thereof which were sent by a 
dialing subscriber, the subscriber's number of 
a called subscriber who has made a response, 
and the like, each of which is appropriately 

85 sent through the signal line 1 6 to the main 
processor 1 5 by a control signal from the 
control circucit 1 38, to control various opera- 
tions in the exchange. Since the control pro- 
cess in the exchange is entirely the same as in 

90 conventional systems, explanation thereof is 
omitted. 

In the foregoing, explanation, the signal 
processing circuit shown in Fig. 4 detects a 
fact that a subscriber has made a call, clear- 
95 back, a dialing action, or the like. Needless to 
say, such detection may be made by a micro- 
computer. 

Fig. 5 shows an example of the circuit 
arrangement of the analog multiplexer 1 1 

100 shown in Fig. 3. In Fig. 5, reference numerals 
111-1 through 1 1 1-m and 12 denote 
(m -h 1) analog multiplexers each having k 
input terminals. For example, analog signals 
from 256 subscriber circuits are applied to 16 

105 (m = 16) analog multiplexers 111-1 through 
111-16, each of which 1 6 (k « 1 6) input 
terminals. The output of each of the analog 
multiplexers 111-1 through 111-16 is ap- 
plied to the analog multiplexer 112. When a 

1 1 0 8-bit signal as used in the electrical signal 
which is applied through signal lines 1 7 to 
the analog multiplexer 1 1, the upper 4-bit 
portion of the signal is used to control the 
analog multiplexer 112, and the lower 4-bit 

1 15 portion controls the analog multiplexer 111-1 
through 1 1 1-16. The loop supervision at an 
interval of 128 mS in the circuit arrangement 
shown in Fig. 4 can be conducted in the 
following manner. That is, 256 subscriber 

1 20 lines are divided into 1 6 groups, and each of 
the groups is selected one by one at intervals 
of 8 mS by the analog multiplexers 111-1 
through 1 1 1-16 and 1 12. 

125 CLAIMS 

1 . A signal processing apparatus for sub- 
scriber circuits comprising: 

a plurality of circuits each for extracting a 
signal corresponding to a.c. and d.c. signals 
1 30 flowing through each of a plurality of sub- 



scriber circuits; 

an analog multiplexing circuit connected to 
the output terminal of each of said plurality of 
extracting circuits; 
5 an analog-to-digital converter connected to 
the output terminal of said analog multiplex- 
ing circuit; and 

a signal processing circuit connected to the 
output terminal of said analog-to-digital con- 

1 0 verter and receiving successively and 

periodically a digital signal corresponding to 
the output signal of each of said extracting 
circuits for processing said digital signal to 
detect the state of each of said subscriber 

1 5 circuits, said reception of said digital signal 
being made by sending a selective signal to 
said analog multiplexing circuit. 

2. A signal processing apparatus for sub- 
scriber circuits according to claim 1, wherein 

20 said signal processing circuit sends said selec- 
tive signal to said analog multiplexing circuit 
to extract said signal flowing through the 
circuit of a subscriber who has just been 
called, receives periodically a digital signal 

25 corresponding to said extracted signal, filters 
said digital signal by a low pass filter, and 
compares said filtered digital signal with a 
threshold level to detect whether said sub- 
scriber has made a response or not. 

30 3. A signal processing apparatus for sub- 
scriber circuits according to claim 1, wherein 
said signal processing circuit sends said selec- 
tive signal to said analog multiplexing circuit 
to select said signal flowing through the cir- 

35 cuit of a subscriber who is dialing, receives 
periodically a digital signal corresponding to 
said selected signal, compares said digital 
signal with a threshold level, and counts dial 
pulses on the basis of the result of said 

40 comparison. 

4. A signal processing apparatus for sub- 
scriber circuits according to claim 1 , wherein 
said signal processing circuit includes a 
threshold comparison circuit for detecting the 

45 presence or absence of a d.c. component in 
said signal flowing through a subscriber cir- 
cuit and a circuit connected with said thresh- 
old comparison circuit for discriminating 
whether said subscriber has made a call or 

50 clear-back. 

5. A signal processing apparatus for sub- 
scriber circuits substantially as hereinbefore 
described with reference to and as shown by 
Figs. 2 to 5 of the accompanying drawings. 
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